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4-RESULTS AND DISCUSSION 

 

4.1. Plant materials: 

Homologous and high production rates of runner plants were 

obtained Camarosa and Sweet Charli cvs. runner to use in the 

micropropagation of strawberry 

 

4.2. Disinfestation of used explants before establishment stage: 

Minimum contamination in the in vitro cultures could be 

achieved by taking a proper pre-propagation reservations. This was 

suggested before by Leifert and Woodward (1998). 

For example, using NaOC1 (Enjalric et al., 1988), ethanol, 

(Kunneman and Faaij-Groenen, 1988), and antibiotics (Kitzinger, 

et al., 1997) as surface sterilizing agents pre-culture can reduce or 

eradicate external contaminants. 

On the other hand, runners taken from two tested strawberry 

cultivars were subjected to different surface sterilizing agents at three 

different periods.  

Data presented in Table (1) showed that, mercuric chloride 

(HgCl2) at 0.5% for 3, 5, 10 min was the superior in this concern, sodium 

hypochlorite (NaOCl) at 3% for 15, 20 and 25 min in the next. Hydrogen 

peroxide (H2O2) at 6% for 10 and 15 min came in the third level, and 

then HgCl2 at 0.3% for 10 min and Ethanol 70% for 1, 1.5 and 2.0 min 

was in the fourth level. Meanwhile, the results obtained by using calcium 

hypochlorite (CaOCl) at all concentrations and all emerged periods 

showed no effect.  
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Table (1): Effect of different five surface sterilizing agents on the 

bacterial and fungal contamination rates in the 

establishment stage of two strawberry cvs. 

Sterilizing 
agent 

Concentration 
(%) 

Treatment 
(min) 

Contamination rates (%) 

Camarosa Sweet Charli 

Mercuric 
chloride  
(HgCl2) 

0.1 
3 100 100 

5 100 100 

10 95 96 

0.3 
3 100 100 

5 94 96 

10 77 84 

0.5 
3 00 00 

5 00 00 

10 00 00 

Sodium 
hypochlorite 

(NaOCl) 

2.0 
15 100 100 

20 100 100 

25 98 99 

2.5 
15 100 100 

20 95 97 

25 85 88 

3.0 
15 00 00 

20 00 00 

25 00 00 

Calcium 
hypochlorite 

(CaOCl) 

8.0 
5 100 100 

10 100 100 

20 100 100 

9.0 
5 100 100 

10 100 100 

20 100 100 

10.0 
5 100 100 

10 100 100 

20 100 100 

Hydrogen 
peroxide  

(H2O2) 

2.0 
5 100 100 

10 100 100 

20 100 100 

3.0 
5 100 100 

10 90 92 

15 75 81 

6.0 
5 40 42 

10 00 00 

15 00 00 

Ethanol  
(abs) 

50 
1.0 100 100 

1.5 100 100 

2.0 100 100 

60 
1.0 100 100 

1.5 100 100 

2.0 100 100 

70 
1.0 98 99 

1.5 96 98 

2.0 93 95 
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These results are similar to those obtained by many earlier 

investigators who treated explants with different disinfectants such as: 

10% Savo (sodium hypochlorite) + 0.2 ml Tween 20 (Valicek and 

Wahaishi, 1989); 20% aqueous solution of sodium hypochlorite for 

20 or 40 min (Mogor et al., 2003); ethanol saturated environment at 

10-15°C for 1 h, then immersed in 0.01% mercuric chloride for 5 min 

(Kannan and Srinivasan, 1994); 0.8% HgCl2 for 10 min (Fitchet-

Purnell, 1990);  1% sodium hypochlorite for 30 min or 0.05% mercuric 

chloride for 20 min (Naidu et al., 1993) and 0.75% NaOCl solution for 

20 min after rinsing with 70% ethanol for 15 seconds (Odutayo et al., 

2004). 

Data in Table (2) also emphasized that the fungal contaminants 

were at higher rate rather than bacterial contaminants. This trend  was 

observed in the two strawberry cultivars. Contamination rates were 

decreased with the increasing of exposure time of strawberry 

micropropagation for concentrated fermented green tea. Browning and 

contamination with either bacteria or fungi were completely 

disappeared in the treatment with CFGT for 30 minutes.  

Antioxidant and disinfectant activities of concentrated 

fermented green tea (CFGT) were tested at the beginning of the tissue 

culture process, but at crude concentration. Explants dipped in the full 

concentration in suitable amount for 10, 20, 30 min. Data in Table (2) 

and graphically illustrated by Figs. (1a & 1b) show that CFGT gave 

good disinfestations and antioxidant properties at the beginning and 

the earlier stages of the micropropagation of strawberry explants, 

especially at 20 or 30 mins treatments. 
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Table (2): Effect of concentrated fermented green tea (CFGT) as 

antioxidant and disinfectant on explant browning. 

 

CFGT 
(100%) 

for 

Camarosa cv. Sweet Charli cv. 

Browning 
(score) 

Contamination rate 
(%) 

Browning 
(score) 

Contamination rate 
(%) 

B* F* B* F* 

10 min 2.0 10 15 3.0 15 20 

20 min 0.0 0.0 0.0 2.0 0.5 10 

30 min 0.0 0.0 0.0 0.0 0.0 0.0 

B* = Bacterial contaminants,  F* = Fungal contaminants 
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Fig. (1a): Effect of concentrated fermented green tea as antioxidant 

and disinfectant on explant browning (as score) at different 

periods of treatment (min). 
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Fig. (1b): Effect of concentrated fermented green tea treatment as 

disinfectant on bacterial and fungal contaminations. 

 

This is a new result and needed to further studies to confirm or 

discrepance this result. 

Shehata and Lila (2005) evaluated the antimicrobial activity of 

kombucha against Bacillus subtilis, B. cereus, Micrococcus roseus, M. 

luteus, Saccharomyces cerevisiae, Staphylococcus aureus, 

Pseudomonas fluorescens, Serratia marcescens, Fusarium oxysporum, 

Alternaria solani, Aspergillus niger, Penicillium species and 

Streptomyces species. The suitable concentration of tea kombucha that 

prevented the growth of Alternaria solani on tomato during storage at 

10 and 25°C for 20 days was determined. Most of the bacteria were 

sensitive to kombucha filtrate, especially when black tea was used. 

Kombucha supernatant inhibited tomato rot caused by Alternaria 

solani. 
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4.3. Isolation and identification of microbial contaminants: 

Contaminants of micropropagated strawberry shoots were isolated 

using suitable specific media. Gram-negative bacteria were mostly often 

found associated with plants and soil. The bacterial contaminants were 

assigned to major groups (genera) (Table (3) based on their 

characteristics and were found to belong to the following genera: 

Agrobacterium spp.; Serratia spp.; Pseudomonas spp.; Xanthomonas 

spp.; Enterobacter sp.; Klebsiella sp.; Corynebacterium sp. and  Bacillus 

sp. The occurrence rate of bacterial isolates was higher than that of fungal 

isolates (Table, 4) and graphically illustrated by Fig. (2) (Photo, 1). 

Meanwhile, the most predominant fungal contaminants were Fusarium 

spp., followed by Aspergillus spp.; Penicillium spp.; Alternaria spp.; 

Rhizopus sp.; Mucor sp. and Candida sp. (Tables 5 and 6) and 

graphically illustrated by Fig. (3) (Photo, 2). 

These results are in harmony with the results obtained by 

(Leifert and Cassells, 2001) who found that a wide range of 

microorganisms (filamentous fungi, yeasts, bacteria, viruses and 

viroids) and micro-arthropods (mites and thrips) have been identified 

as contaminants in plant tissue cultures. Contaminants may be 

introduced with the explant, during manipulations in the laboratory or 

by micro-arthropod vectors. Contaminants may express themselves 

immediately or can remain latent for long periods of time. This often 

makes it difficult to identify the source of contamination.  

From data presented in Table (4), it is worthy to mention that 

the isolates of Pseudomonas and Bacillus genera were the highest 

frequency, whereas, the lowest frequency of bacterial isolates was 

observed with Enterobacter, Klebsiella and Corynebacterium genera.  
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Earlier investigators reported that many bacterial contaminants 

were isolated during tissue culture procedures from several plant 

cultures such as: Gram-positive and Gram-negative bacteria 

Staphylococcus xylosus, S. aureus, S. cohnii, Bacillus sp., 

Corynebacterium sp., Micrococcus spp., Pseudomonas vesicularis, 

Serratia spp. Cellulomonas, Clavibacter, Curtobacterium, 

Microbacterium, Acinetobacter, Bacillus, Pseudomonas, Wautersia 

(Ralstonia), Stenotrophomonas  (Kneifel and Leonhardt, 1992; Van 

den houwe and Swennen, 2000; Bhattacharya, 2002; Zinniel et al.; 

2002 and Lata et al., 2006). 

 

 

Table (3): Characteristics of isolated bacterial contaminants from the 

first stage of strawberry micropropagation in vitro. 

 

Isolated Bacteria Cell shape Motility Gram 
stain 

Endospore 
formation 

Pigment production 

Agrobacterium  Short rod + G- - - 
Bacillus  Long rod + G+ + - 
Corynebacterium  Rod-shape had 

irregularly staining 
granules with 
Chinese letter 
arrangement 

- G+ - - 

Enterobacter  Rod-shaped + G- - - 
Klebsiella  Short rod 

capsulated 
- G- - - 

Pseudomonas  Short rod + G- - Water soluble greenish 
yellow pigment secreted 
outside the cells   

Serratia  Short rod + G- - Dark red pigment 
confined inside the cells 

Xanthomonas  Short rod + G- - Pale yellow pigment 
confined inside the cells 

 



Results and Discussion 
54 

Table (4): Frequency of bacterial contaminants isolated from the first 

stage of strawberry micropropagation in vitro. 

 

Bacterial contaminants Frequency (%) 

Agrobacterium 11.76 

Bacillus  23.53 

Corynebacterium 5.88 

Enterobacter  5.88 

Klebsiella  5.88 

Pseudomonas  23.53 

Serratia  11.76 

Xanthomonas 11.76 
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Fig. (2): Frequency of bacterial contaminants isolated from the first 

stage of strawberry micropropagation in vitro. 
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Photo (1): Some bacterial contaminants cultures at the first stage of 

strawberry micropropagation in vitro. 

 

 

On the other hand, many fungal contaminants were isolated 

during tissue culture procedures from several plant cultures, these 

contaminant fungal isolates were: Aspergillus spp., Aspergillus niger, 

Aspergillus fumigatus, Alternaria spp., Alterneria tenius, Candida 

spp., Fusarium spp., Fusarium culmorum, Geotrichum sp., 

Helminthosporium sp., Mucor spp., Penicillium spp., Rhizopus spp., 

Trichoderma spp. (Murugesh et al., 1999; Ramírez-Villalobos et al., 

2000; Acosta et al., 2002; Odutayo et al., 2004 and Wu, 2005). 



Results and Discussion 
56 

Table (5): Characteristics of isolated fungal contaminants from the 

first stage of strawberry micropropagation in vitro. 

Isolated 

Fungi 

Colonies 

shape 

Characteristics of the genus 

Alternaria  Fuzzy Conidia are large and multicellular, longitudinal and 
transverse septa, conidia usually in chains and sometimes 
present singly.   

Aspergillus  

 

Fuzzy Mycelium septated double walled conidiophore which has a 
foot cell and vesicle carrying primary and secondary 
stregmata which carry chains of conidia. 

Candida Flatten Yeast-like fungus-sometimes produce pseudo-mycelium-
reproduce by budding. 

Fusarium  

 

Fuzzy Produces long, crescent-shaped multiseptated macroconidia 

and very small spherical, oval, elongated or crescent-shaped 
microconidia on simple or branched single hyphae. 
Mycelium septated. Produce reddish pigments in the 
medium.  

Mucor  Cottony As Rhizopus but rhizoids are not present at the base of 
sporangiophore. 

Penicillium Fuzzy 

 

Conidiophore is branched to form a broom-like (brush). The 

multiple branching of conidiophore ends with stregmata 
which bear the chains of conidia.  

Rhizopus  Cottony Mycelium not septated. Two types of mycelium rhizoids 
and stolons. Sporangiophore ends with columella and 
sporangium. Rhizoids originates bellow the sporangiophore. 

 

From data recorded in Table (6), it could be noticed that Fusarium 

isolates showed was the highest frequency, while the lowest frequency of 

fungal isolates was obtained with Rhizopus, Mucor and Candida.  

 

Table (6): Frequency percentage of fungal contaminants isolated from 

the first stage of strawberry micropropagation in vitro. 

Isolated Fungi Frequency (%) 

Alternaria  13.33 

Aspergillus 20.00 

Candida  6.66 

Fusarium  26.66 

Mucor  6.66 

Penicillium 20.00 

Rhizopus  6.66 
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Fig. (3): Frequency percentage of fungal contaminants isolated from 

the first stage of strawberry micropropagation in vitro. 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo (2): Some fungal contaminants at the different stages of 

strawberry micropropagation in vitro. 
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4.4. Effect of Bacillus and Pseudomonas culture filtrates on 

plantlets growth parameters in vitro: 

Data in Table (7) and graphically illustrated in Fig (4) showed that 

adding the bacterial culture filtrate of either Pseudomonas or Bacillus to 

the culture medium caused significant enhancement in all growth 

parameters rather than control. 

Obtained data in Table (7) showed that the average numbers of 

shoots were enhanced when 100 ml/L of both bacterial filtrate was added 

to ½MS, while average numbers of roots were enhanced when 200 ml/L 

of both bacterial filtrate was added to ½MS and average numbers leaves 

were significantly enhanced when only 50 ml/L of both bacterial filtrate 

was added to ½MS. 

Also, data presented in Table (7) clearly indicated that 

Pseudomonas filtrate enhanced strawberry growth in tissue culture than 

Bacillus filtrate. 

As regard to the effect of bacterial cultures filtrate on shoots and 

roots length as well as growth value, obtained results in Table (7) 

showed that the highest shoots and roots length as well as growth value 

were obtained from the application of bacterial filtrate at a rate of 200 

ml/L MS medium, since they were 7.75 and 8.02 cm for shoots and roots, 

respectively in case of Pseudomonas culture, whereas they were 7.52 and 

6.17 cm for shoots and roots, respectively in case of Bacillus filtrate. As 

well, it is worthy to mention that the filtrate of Pseudomonas culture 

showed higher promotion effect on strawberry growth value in 

comparison with addition of the filtrate of Bacillus culture.  
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Tab7 
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Fig. (4): Effect of different concentrations of Bacillus and Pseudomonas 

culture filtrate on strawberry on average number of shoots, roots 
and leaves of Sweet Charli cv. in vitro after 4 weeks from 

culturing. 
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In this concern, several researches demonstrated that Xanthomonas 

and Pseudomonas produced IAA in their cultures (William et al., 1987). 

Also, Lata et al. (2006) reported that Acinetobacter, Bacillus, 

Pseudomonas, Wautersia (Ralstonia) and Stenotrophomonas produced 

IAA in their cultures. These findings suggested that microbial auxins 

may be promoting the growth parameters under tissue culture conditions. 

 

4.5. Effect of Aspergillus and Fusarium filtrates on plantlets 

growth parameters in vitro: 

Regarding the effect of fungal culture filtrate application to the 

culture medium, obtained data in Table (8) and graphically illustrated in 

Fig (5) showed that the fungal filtrate enhanced all growth parameters 

compared with control treatment (without fungal filtrate application). The 

enhancement was increased with the increasing of fungal filtrate 

application. 

Data in Table (8) showed that the average numbers of shoots were 

enhanced when 100 ml/L of both fungal filtrate was added to ½MS, 

while average numbers of roots were enhanced when 200 ml/L of both 

fungal filtrate was added to ½MS and average numbers leaves were 

significantly enhanced when only 50 ml/L of both fungal filtrate was 

added to ½MS. 

Also, data presented in Table (8) showed that the addition of 

Fusarium filtrate was more efficient on the enhancement of strawberry 

growth in tissue culture rather than the filtrate of Aspergillus. 

Concerning the effect of fungal culture filtrate on shoot and root 

length as well as growth value, the obtained results in Table (8) revealed 

that the highest records of shoots and roots length as well as growth value 

were obtained with the treatment of 200 ml of fungal filtrate application 

to the culturing medium. Similar trend of results was observed in the two 

fungal filtrates. 
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Fig. (5): Effect of different concentrations of Aspergillus and Fusarium 

culture filtrates on strawberry average number of shoots, roots 
and leaves of Sweet Charli cv. in vitro after 4 weeks from 

culturing. 
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Moreover, it is worthy to mention that the filtrate of Fusarium 

culture showed higher promotion effect on strawberry organ lengths and 

growth value as compared to the filtrate of Aspergillus culture. 

Enhancing of growth parameters of callus, plantlets or seedlings 

either by adding culture filtrates of Fusarium spp. with different 

concentrations to tissue culture medium or to soil was evaluated by many 

investigators to select the resistant varieties of asparagus (Pontaroli et 

al., 2000), pineapple (Borrás et al., 2001), ginger (Prachi et al., 2001), 

carnation (Thakur et al., 2002), gladiolus (Richa-Kanwar et al., 2003) 

and rice (Jeyaram et al., 2004),  where good growth parameters of tested 

plants means that they are resistant against fusariose disease. 

On the other hand, culture filtrate of Aspergillus spp. contains some 

growth promoters and antioxidants (Fernandez-Espinar et al., 1993; 

Yen and Lee, 1996; Haq et al., 2003 and Taha, 2003).  
 

4.6. Evaluation of some antibiotics for the elimination of 

endophytic bacteria from strawberry explants in vitro: 

Data in Table (9) showed that the best bacterial inhibition by 

antibiotics was observed when 100 and 200 ppm of both Cefotaxime and 

Gentamicin were used. Cefotaxime was superior in the inhibition of the 

bacterial contaminants at 50 ppm concentration, followed by Gentamicin 

at the same concentration. 

In addition, data in Table (9) indicated that the Cefotaxime 

antibiotic was more effective against Pseudomonas isolate, since the 

lowest survival rate was observed for this isolate as well as the highest 

inhibition rate was observed. Whereas, Cefotaxime has lower effect 

against Serratia isolate, since, the highest survival rate was observed for 

this isolate as well as the lowest inhibition rate was observed. 

As regard to the effect of Gentamicin, obtained results showed that 

Gentamicin antibiotic was more effective against Pseudomonas, since the 

lowest survival and highest inhibition rates were observed with 

Pseudomonas isolate. While, the lower effect of Gentamicin was 

obtained with Enterobacter and Corynebacterium isolates, since the 

highest survival and the lowest inhibition rates were observed with these 

isolates. 

Meanwhile, data in Table (10) showed the effect of both 

antibiotics used in this work against fungal contaminants. Obtained data 

showed that the inhibition effect was little on fungal contaminants when 

compared with the effect of antibiotics on bacterial contaminants. 

Gentamicin was more effective than Cefotaxime at all used 

concentrations in the suppression of fungal contaminants.  
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Table (9): Effect of antibiotic treatment on survival of bacterial 

contaminants. 

Antibiotics Bacterial 

contaminants 

Survival 

rate (%) 

Inhibition 

rate (%) 

Cefotaxime    

50 ppm Bacillus 10 90 

50 ppm Pseudomonas 5 95 

50 ppm Xanthomonas 10 90 

50 ppm Serratia 20 80 

100 ppm Non 0.0 100 

200 ppm Non 0.0 100 

Gentamicin    

50 ppm Bacillus 40 60 

50 ppm Enterobacter 75 25 

50 ppm Corynebacterium 75 25 

50 ppm Pseudomonas 20 80 

50 ppm Serratia 40 60 

100 ppm Non 0.0 100 

200 ppm Non 0.0 100 
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Table (10): Effect of antibiotic treatments on survival of fungal 

contaminants. 

Antibiotics Fungal 

contaminants 

Survival rate 

(%) 

Inhibition 

rate (%) 

Cefotaxime    
50 ppm Penicillium 80 20 

50 ppm Fusarium 90 10 

50 ppm Aspergillus 100 0.0 

50 ppm Rhizopus 100 0.0 

50 ppm Mucor 80 20 

50 ppm Candida 60 40 

100 ppm Fusarium 60 40 

100 ppm Aspergillus 40 60 

100 ppm Penicillium 60 40 

200 ppm Fusarium 40 60 

200 ppm Penicillium 20 80 

Gentamicin    
50 ppm Penicillium 100 0.0 

50 ppm Fusarium 80 20 

50 ppm Aspergillus 60 40 

50 ppm Rhizopus 100 0.0 

50 ppm Mucor 80 20 

50 ppm Candida 80 20 

100 ppm Fusarium 80 20 

100 ppm Aspergillus 60 40 

100 ppm Penicillium 75 25 

200 ppm Fusarium 50 50 

200 ppm Penicillium 40 60 
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Moreover, data in Table (10) clearly showed that fungal 

contaminants such as Aspergillus and Rhizopus were more resistant 

for Cefotaxime at concentration of 50 ppm, since the survival rate was 

100%. While, Penicillium, Fusarium and Mucor were slightly 

sensitive since, the survival rate was 90 or 80%. Candida isolate was 

more sensitive for Cefotaxime since the survival rate was 60%. From 

data recorded in Table (10) it can be concluded that the inhibition rate 

of fungal isolates was increased with the increasing of Cefotaxime 

concentration.     

Concerning the effect of Gentamicin on survival and inhibition 

rates of fungal isolates, data presented in Table (10) showed that the 

isolates of Penicillium and Rhizopus were more resistant for 

Gentamicin, since the inhibition rate was 0.0% at 50ppm. 

While, the isolates of Fusarium, Mucor and Candida were 

slightly resistant since the survival rates were decreased at 50 ppm of 

Gentamicin. Aspergillus isolate was more sensitive for Gentamicin at 

50 ppm. In addition, the inhibition rate of fungal isolates was 

increased with the increasing of Gentamicin concentration. 

Many investigators studied the effect of both Cefotaxime and 

Gentamicin (Gentamicin) antibiotics against bacterial or fungal 

contaminants in vitro and their effect on explant or plantlets growth 

parameters. In this concern, Tanprasert and Reed (1997b) found that 

antibiotic treatments (timentin, streptomycin and gentamicin) were 

100% effective eliminating Pseudomonas corrugata and 23% of 

strawberry plants inoculated with Xanthomonas campestris pv. 

vesicatoria. Phytotoxicity was observed only at high antibiotic 

concentrations. Kumar et al. (2003) found that MS medium 
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supplemented with 10.0 g benzyladenine and 500 mg gentamycin 

[gentamicin]/litre was the most effective for minimizing the microbial 

contaminations. Sharma et al. (1999) spraying on 4 alternate days 

with antibiotics (gentamycin 50 mg/litre + rifampicin 100 mg/litre + 

streptomycin 50 mg/litre) before explant excision was found to be 

most effective in controlling both Gram (+) and Gram (-) bacterial 

groups (Pseudomonas sp., Bacillus sp., Agrobacterium sp. and 

Erwinia sp.). Shiau et al. (1998) obtained lower contamination rates 

(40 and 46%) from ovary explants pre-cultured in a liquid MS 

medium containing 100 mg/litre streptomycin sulfate and 50 mg/litre 

gentamicin sulfate for 24 or 48 h, while higher contamination rates 

(72% and 68%) were obtained when lower concentration of 

streptomycin sulfate was used (50 mg/litre). No significant difference 

between antibiotic and control treatments was observed on callus 

induction after 45 days. Seyring (1999) investigated the effect of 

gentamicin (40, 80 mg/litre) to inhibit bacterial contamination and 

their phytotoxicity to in vitro grown shoots of P. vulgaris. Gentamicin 

and oxytetracycline inhibited both bacterial and shoot growth. 

Janssen (1991) noticed that the antibiotics Aureomycin and 

Kanamycin were phytotoxic, Cefotaxime and Gentamicin were not 

phytotoxic, and Ampicillin had a significant positive effect on shoot 

length. Checking one of the test series with a greenhouse test gave no 

correlation, but a field trial will be necessary to determine the 

susceptibility of the aspen seedlings to X. populi. 
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4.7. Testing a novel antimicrobial agent:  

Concentrated fermented green tea showed antibacterial and 

antifungal activity during all strawberry micropropagation stages. Two 

percent per liter of medium was more effective, but unfortunately, it 

caused observed suppression in the explant or plantlets development 

more than the control. One-half percent per liter of medium gave 

encouraging results as antimicrobial with less suppression in growth 

compared with 2%. 

Data recorded in Table (11) showed that the concentrated 

fermented green tea (CFGT) have antibacterial activity, but 

Pseudomonas (40% survival rate) showed some resistance to the 

CFGT followed by Bacillus (30%), Corynebacterium, Serratia (20%), 

and poor growth of Agrobacterium, Enterobacter, Klebsiella, 

Xanthomonas (10%) when  1.0% of CFGT per liter of medium was 

used. When 1.5% of CFGT was used only, Pseudomonas (20%) and 

Bacillus (10%) could survive in this treatment. No growth of any 

investigated bacteria was observed when 2.0% of CFGT percent of 

medium was used. 

Meanwhile, data in Table (12) showed that the concentrated 

fermented green tea (CFGT) have antifungal activity, when 1.0% of 

CFGT/L of medium was used, Rhizopus showed some resistance 

(40%) to the CFGT followed by Penicillium (30%), then Aspergillus,  

Mucor (20%) and poor survival rate of Alternaria, Candida, Fusarium 

(10%). However, no growth was detected when either 1.5 or 2.0% of 

CFGT per liter of medium was used. 

 



Results and Discussion 
70 

Table (11): Effect of concentrated fermented green tea (CFGT) as 

antibacterial agent on survival of bacterial contaminants. 

 

Concentrated 

fermented green tea 

(CFGT)/litre medium 

Bacterial 

contaminants 

Survival rate (%) 

1.0% 

Agrobacterium 10 

Bacillus 30 

Corynebacterium 20 

Enterobacter 10 

Klebsiella 10 

Pseudomonas 40 

Serratia 20 

Xanthomonas 10 

1.5% 

Agrobacterium Non 

Bacillus 10 

Corynebacterium Non 

Enterobacter Non 

Klebsiella Non 

Pseudomonas 20 

Serratia Non 

Xanthomonas Non 

2.0% 

Agrobacterium Non 

Bacillus Non 

Corynebacterium Non 

Enterobacter Non 

Klebsiella Non 

Pseudomonas Non 

Serratia Non 

Xanthomonas Non 
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Table (12): Effect of concentrated fermented green tea (CFGT) as 

antifungal agent on survival of fungal contaminants. 

 

Concentrated 

fermented green tea 

(CFGT)/litre medium 

Fungal contaminants Survival rate (%) 

1.0% 

Alternaria 10 

Aspergillus 20 

Candida 10 

Fusarium 10 

Mucor 20 

Penicillium 30 

Rhizopus 40 

1.5% 

Alternaria Non 

Aspergillus Non 

Candida Non 

Fusarium Non 

Mucor Non 

Penicillium Non 

Rhizopus Non 

2.0% 

Alternaria Non 

Aspergillus Non 

Candida Non 

Fusarium Non 

Mucor Non 

Penicillium Non 

Rhizopus Non 

 

The obtained results were confirmed by the several data 

recorded by many investigators who evaluated the antimicrobial or 

antioxidant effect of fermented tea extract which has pharmacological 

properties that include anti-oxidative, anti-inflammatory, anti-

carcinogenic, anti-arteriosclerotic and anti-bacterial effects (Koo and 

Cho, 2004). On the other hand, Steinkraus et al. (1995) reported that 

tea fungus (kombucha) had antibiotic activity against Helicobacter 



Results and Discussion 
72 

pylori, Escherichia coli, Staphylococcus (Micrococcus) aureus and 

Agrobacterium tumefaciens. Greenwalt et al. (1998) observed 

antimicrobial activity of fermented tea using an absorbent disc method 

against the tested Gram-positive and Gram-negative organisms 

(Agrobacterium tumefaciens, Bacillus cereus, Salmonella 

choleraesuis serotype typhimurium, Staphylococcus aureus, and 

Escherichia coli. Candida albicans was not inhibited by Kombucha. 

As a result, the antimicrobial activity of fermented tea may be 

attributed to its acetic acid content. Sreeramulu et al. (2000) 

investigated the antimicrobial activity of fermented tea against a 

number of pathogenic microorganisms. Staphylococcus aureus, 

Shigella sonnei, Escherichia coli, Aeromonas hydrophila, Yersinia 

enterolitica, Pseudomonas aeruginosa, Enterobacter cloacae, 

Staphylococcus epidermis, Campylobacter jejuni, Salmonella 

enteritidis, Salmonella typhimurium, Bacillus cereus, Helicobacter 

pylori, and Listeria monocytogenes were found to be sensitive to 

fermented tea. According to the literature on Kombucha, acetic acid is 

considered to be responsible for the inhibitory effect towards a 

number of microbes tested, and this was found to be true in the present 

study. However, in this study, fermented tea proved to exert 

antimicrobial activities against E. coli, Sh. sonnei, S. typhimurium, S. 

enteritidis, and Cam. jejuni, even at neutral pH and after thermal 

denaturation. This finding suggests the presence of antimicrobial 

compounds other than acetic acid and large proteins in fermented tea. 

Sreeramulu et al. (2001) observed that fermented tea can inhibit the 

growth of Shigella sonnei, Escherichia coli, Salmonella enteritidis and 

Salmonella typhimurium. Several metabolites were analyzed every 
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two days during a 14-day of tea fermentation. Levels of acetic acid 

and gluconic acid were found to increase with fermentation time. No 

lactic acid or ethanol was detected. Systematic investigation of the 

antimicrobial activity in fermented tea revealed the presence of 

antimicrobial compounds other than organic acids or proteins 

(enzymes) produced during fermentation or the tannins originally 

present in the tea broth. Shehata and Lila (2005) evaluated the 

antimicrobial activity of kombucha against Bacillus subtilis, B. cereus, 

Micrococcus roseus, M. luteus, Saccharomyces cerevisiae, 

Staphylococcus aureus, Pseudomonas fluorescens, Serratia 

marcescens, Fusarium oxysporum, Alternaria solani, Aspergillus 

niger, Penicillium species and Streptomyces species. The suitable 

concentration of tea kombucha that prevented the growth of 

Alternaria solani on tomato during storage at 10 and 25°C for 20 days 

was determined. Most of the bacteria were sensitive to kombucha 

filtrate, especially when black tea was used. Kombucha supernatant 

inhibited tomato rot caused by Alternaria solani. Jayabalan et al. 

(2007) reported that antioxidant and antimicrobial activities were 

achieved after fermenting sugared black tea, green tea or tea 

manufacture waste with tea fungus (Kombucha) for 12 to 15 days. The 

total phenol content increased up to 98% which implied that 

thearubigin might be subjected to biodegradation during fermentation, 

resulting in the release of smaller molecules with higher antioxidant 

activities. 
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4.8. Modified culture media before ex vitro acclimatization: 

Data in Table (13 and 14) illustrated in Figs. (6 and 7) showed 

that the highest bacterial and fungal contamination rates after 4 and 8 

weeks were observed with control treatment. While, the lowest 

bacterial and fungal contamination rates were observed in the 

treatment of ½ MS + 40 g sucrose adding. Addition of Cefotaxime and 

Gentamicin antibiotics to growth medium completely prevented the 

contamination with either bacteria or fungi. 

Moreover, the lowest survival rate of strawberry plantlets after 4 

and 8 weeks were recorded with control treatment. Whereas, the 

highest survival rate of strawberry plantlets after 4 weeks was 

recorded with the application of 40 g sucrose to growth medium. 

The application of antibiotics to growth medium increased the 

survival rates as compared to control treatment. Similar results were 

observed with various investigated treatments with both Camarosa and 

Sweet Charli cultivars. Obtained results clearly showed that 

contamination rate of strawberry plantlets was decreased after 8 

weeks, while the survival rate was increased. This result was true with 

the both strawberry cultivars under study. These observations came in 

agreement with the results obtained with Janssen (1991) who noticed 

that the antibiotics Aureomycin and Kanamycin were phytotoxic, 

Cefotaxime and Gentamicin were not phytotoxic, and Ampicillin had 

a significantly positive effect on shoot length. Wang et al. (2005) 

reported that Carbenicillin and Cefotaxime had no significant effect 

on the endophytic bacteria but they improved the growth of the in 

vitro strawberry shoots. 
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Table (13): Effect of different modified media on bacterial and fungal 

contamination and survival rate of strawberry (Camarosa 

and Sweet Charli cvs.) plantlets in vitro after 4 weeks 

from culturing. 

 

Treatments 
Contamination rate (%) Survival rate 

(%) 
Bacterial Fungal 

 Strawberry (Camarosa cv.) 

½ MS (Control) 10 20 67 

½ MS + 40 g sucrose 5 15 74 

½ MS + Cefotaxime 00 00 72 

½ MS + Gentamicin 00 00 73 

 Strawberry (Sweet Charli cv.) 

½ MS (Control) 15 30 69 

½ MS + 40 g sucrose 10 20 76 

½ MS + Cefotaxime 00 00 74 

½ MS + Gentamicin 00 00 75 
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Fig (6): Effect of different modified media on bacterial and fungal 

contaminations (BC, FC) and survival rates of strawberry 

plantlets in vitro after 4 weeks from culturing. 
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Table (14): Effect of different modified media on bacterial and fungal 

contamination and survival rate of strawberry (Camarosa 

and Sweet Charli cvs.) plantlets ex vitro after 8 weeks 

from culturing under the greenhouse conditions. 

 

Treatments 
Contamination rate (%) Survival rate 

(%) 
Bacterial Fungal 

 Strawberry (Camarosa cv.) 

½ MS (Control) 5 5 82 

½ MS + 40 g sucrose 00 00 90 

½ MS + Cefotaxime 00 00 95 

½ MS + Gentamicin 00 00 93 

 Strawberry (Sweet Charli cv.) 

½ MS (Control) 5 5 79 

½ MS + 40 g sucrose 00 00 88 

½ MS + Cefotaxime 00 00 93 

½ MS + Gentamicin 00 00 90 
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Fig (7): Effect of different modified media on bacterial and fungal 

contaminations (BC, FC) and survival rates of strawberry 

plantlets ex vitro after 8 weeks from culturing under the 

greenhouse conditions. 
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Data in Tables (15 and 16) illustrated by Figs. (8a,b and 9a,b) 

showed that the lowest records of growth development of strawberry 

plantlets were observed in the control treatment. While, the addition of 

40 g sucrose to the growth medium gave the highest records of growth 

performance. 

Moreover, obtained results indicate that the application of 

antibiotics gave higher records of growth performance rather than 

control treatment. 

From the obtained results it could be mentioned that the trend of 

growth performance was almostly similar with the two cultivars. 

Concerning the growth performance data in Tables (15 and 16) 

and graphically illustrated by Figs (8a,b and 9a,b) clearly indicated 

that the effect of various treatments gave the same trend of results 

which was abovementioned discussed. 
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Table (15): Effect of different modified media on growth development 

of strawberry (Camarosa and Sweet Charli cvs.) plantlets in 

vitro after 4 weeks from culturing. 

 

Treatments 
Average 
shoots 
number 

Average 
shoots 

length (cm) 

Average 
roots 

number 

Average 
roots 

length (cm) 

Average 
leaves 

number 

 Strawberry (Camarosa cv.) 

½ MS (Control) 1.95 9.45 7.42 6.55 6.00 

½ MS + 40 g sucrose 2.85 10.48 9.26 8.20 7.80 

½ MS + Cefotaxime 2.45 9.33 7.31 7.34 6.75 

½ MS + Gentamicin 2.35 9.10 8.23 7.18 6.45 

 Strawberry (Sweet Charli cv.) 

½ MS (Control) 1.63 7.88 6.18 5.46 5.00 

½ MS + 40 g sucrose 2.38 8.73 7.72 6.83 6.50 

½ MS + Cefotaxime 2.04 7.78 6.09 6.12 5.63 

½ MS + Gentamicin 1.96 7.58 6.86 5.98 5.38 
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Fig (8a): Effect of different modified media on growth development of 

strawberry (Camarosa cv.) plantlets in vitro after 4 weeks from 
culturing. 
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Fig (8b): Effect of different modified media on growth development of 

strawberry (Sweet Charli cv.) plantlets in vitro after 4 weeks 

from culturing. 
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Table (16): Effect of different modified media on growth development 

of strawberry (Camarosa and Sweet Charli cvs.) plantlets 

ex vitro after 8 weeks from culturing under the greenhouse 

conditions. 

 

Treatments 
Average 
shoots 
number 

Average 
shoots 

length (cm) 

Average 
roots 

number 

Average 
roots 

length (cm) 

Average 
leaves 

number 

 Strawberry (Camarosa cv.) 

½ MS (Control) 5.85 28.35 22.26 19.65 18.00 

½ MS + 40 g sucrose 8.55 31.44 27.78 24.60 23.40 

½ MS + Cefotaxime 7.35 27.99 21.93 22.02 20.25 

½ MS + Gentamicin 7.05 27.30 24.69 21.54 19.35 

 Strawberry (Sweet Charli cv.) 

½ MS (Control) 4.65 22.45 21.36 19.65 18.00 

½ MS + 40 g sucrose 5.85 26.65 26.45 24.60 22.65 

½ MS + Cefotaxime 6.65 25.85 20.85 22.02 19.65 

½ MS + Gentamicin 6.45 24.46 22.67 21.54 18.43 
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Fig (9a): Effect of different modified media on growth development 

of strawberry (Camarosa cv.) plantlets ex vitro after 8 

weeks from culturing under the greenhouse conditions. 
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Fig (9b): Effect of different modified media on growth development 

of strawberry (Sweet Charli cv.) plantlets ex vitro after 8 

weeks from culturing under the greenhouse conditions. 
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Summing up, the obtained results showed that the growth 

performance of two strawberry cultivars was increased after 8 weeks 

under various investigated treatments. 

These results are in harmony with those obtained by Kneifel 

and Leonhardt (1992) who proposed that these antibiotic mixtures 

could be applied advantageously to inhibit bacterial growth in tissue 

culture.  On the other hand, Calvete et al. (2002) noticed that the 

increase in the sucrose content (15, 30, 45, and 60g/L) in culture 

medium during rooting in vitro of strawberry gave better development 

in vitro plants at 30 and 45 g/L. 

Stress conditions in the rooting in vitro acclimatization, using 

antibiotics, high sugar concentration, may led to strong growth of 

plants acclimatized ex vitro under greenhouse or field conditions, then 

show less or no microbial contaminations (Misra and Dutta, 2001; 

Mohan et al., 2005 and Abd El-Gawad, 2006). 

 


